It is essential that the net effect of biodiversity on crop yields is determined; particularly in developing nations, where both increasing food security and reducing biodiversity losses are of high importance. This study modelled the abundance of pests, pollinators and pest-control animals and determined their impact on crop yield within agroecosystems in four rural villages in Malawi. Data on the habitat area, survivorship, fecundity, birthing month and effect on crop yield for 14 animal functional groups were collated through a focused meta-analysis. Using this data, models were created to determine the abundance of each functional group using land cover as the sole input variable; with Participatory Rural Appraisals (PRA) utilised to validate the model prediction. Bees, birds and insects always improved crop yield, whereas monkeys, rodents and large herbivores always result in losses. Three out of four villages experienced a net benefit to crop yield from the animal biodiversity present. We conclude that models derived from metaanalyses appear useful for broadly predicting the local-scale abundance of functional groups and their qualitative impact on crop yield. However, long-term field observations should be conducted to ensure that the PRA values in this study correlate with direct observation.
INTRODUCTION
Since the publication of the Millennium Ecosystem Assessment in 2005, ecosystem services (ES) have become an important topic in both policy and science (de Groot et al., 2009 ). Whilst policy is mainly concerned with provisioning services which contribute directly to livelihoods, such as food, water and timber, research has also focused on regulating and cultural services (Zhang et al., 2007) . It is widely recognised that biodiversity underpins many ecosystem services (Mace et al., 2012) and thus is essential for human well-being. For example, biodiversity is vital in providing regulating services such as pollination and pest-control (Altieri, 1999; Cardinale et al., 2012) which are essential for food security (Ghazoul, 2005) , particularly in developing countries which are typically biodiversity rich but technology poor. Pollinators, defined here as animals that transfer pollen between plants, are known to benefit agricultural through increasing crop yields, improving fruit and seed health and reducing crop deformities (Garibaldi et al., 2013;  *Corresponding author. E-mail: S.P.Willcock@soton.ac.uk, Tel: 00 44 23 8059 4221. Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Attribution License 4.0 International License Ricketts et al., 2004) . Awareness of the importance of pollination for food security has risen and features in the policies of numerous governments (Byrne and Fitzpatrick, 2009 ). However, ecosystems can also provide disservices (Dunn, 2010) . In agroecosystems, a major ecosystem disservice is pests causing agricultural yield losses (Cardinale et al., 2012) . The term 'pest' is limited in this investigation to cover animals that consume crops from the field to market or consumption, and does not extend to bacteria or parasites (Oerke, 2006) . Both vertebrate and invertebrate pests result in 14% of agricultural losses annually (Cerkal et al., 2009) , having high economic losses and impacting food security (Oerke, 2006) . Pest-control, defined here as the natural enemies of pests (so does not include use of agrochemicals), has received less attention within the ES literature (Chaplin-Kramer et al., 2011) . Pest-control is becoming increasingly studied in agricultural systems to reduce pesticide use (Chaplin-Kramer et al., 2011; Mahr et al., 2001 ). However, pets-control studies typically focus on the use of exotic species, often to control invasive species rather than on the value of indigenous biodiversity to support crop production.
Whilst the interaction between pests and pestcontrol and has been studied (Chaplin-Kramer et al., 2011) , the interaction between pests, pollinators and pest-control needs to be evaluated to establish the overall impact of ecosystem services provided by wildlife on agricultural systems, (Lundin et al., 2013) . Currently, there is only one paper within the literature that focuses on this three way interaction and its impact on yield -the interaction of three species; bumblebees, Apion weevils and parasitic wasps, conducted in in laboratory conditions (Lundin et al., 2013) . However, we have been unable to find a study that has investigated the interaction between pests, pollinators and pest-control in the field, nor linked such interactions to crop yields.
Where there is limited time and/or funds for field observations, existing literature values can be analysed through a meta-analysis (Bengtsson et al., 2005; Jonsen et al., 2003) . These values, along with land-cover maps, can be used to predict animals present within a landscape and estimate their abundance. However, it is vital to validate these relatively simple, lookup table-based models to ensure they are accurate. Model validation can prove difficult in data-deficient regions, such as sub-Saharan Africa (Rodger et al., 2004) , but it is such regions that are generally the most food insecure and thus show the greatest need for models that may help to increase crop yields (Rodger et al., 2004) . Direct observation can only provide evidence of animal abundances for the period of fieldwork, which may be limited in many developing nations due to time and costs limitations and thus would give a very unreliable estimate of annual abundance and little indication of seasonal or annual fluctuations. Participatory Rural Appraisal (PRA) can be used to rapidly ascertain biodiversity within rural landscapes by using local knowledge (Hellier et al., 1999) and can contribute to wider understanding of ecosystems services in developing countries. Thus, enabling rural communities to provide abundance estimates via PRAs, a method frequently used in agroecosystem analysis, can fill the data void and be utilised to validate a model produced via a metaanalysis (Chambers, 1994) .
Here, we produce a model though a meta-analysis that predicts the abundance of animal species within four villages in Malawi, sub-Saharan Africa. We then use this model to predict the net crop yield benefits or losses that the villages incur from the amounts of the pests, pollinators and pest-control present. We then validate the models using PRAs conducted in the same four villages. To the best of our knowledge, ours is the first study combining models of the effect of pests, pollinators and pest-control on crop yield within sub-Saharan Africa, one of the worlds poorest and more food insecure regions.
METHODS

Model creation
Meta-analysis
Articles in peer-reviewed journals, books, organisational reports and governmental reports (identified using Google scholar, Jstor and Web of Knowledge and specific search terms (Appendix 1, Table 1 )) were utilised to compile data on the area required for each animal functional groups (FG) to live in (habitat area), the chance of an individual surviving a month (survivorship), the number of offspring an individual produces annually (fecundity), the time of year the individual gives birth (birthing month) and the effect on crop yield, recorded as a percentage increase/decrease. FGs were chosen because the literature did not contain adequate species-specific data. After consultation with local experts in Malawi, ten FGs were selected: amphibians, bees, birds, other flying insects, ground insects, rodents, large herbivores, bats, monkeys, and reptiles. These models were further divided into their respective ecosystem service and disservice functional role: pollinator, pest, and pest-control. For example, the 'other flying insects' FG contained families such as grasshoppers that only act as pests; however, ants act as a pests, pest-control agents and pollinators. Consequently, the characteristics of the 'other flying insects' pest FG differed from that of pollinator and pest-control. This further subdivision resulted in 14 FGs (Figure legend of Figure 1 and Appendix 1). The values collated from the literature were used to calculate the mean and 95% confidence intervals for the area required for each land-cover the FG lives requires (habitat area), fecundity, survivorship and effect on crop yield for each FG. In some instances, habitat area of a FG for a specific land-cover could not be obtained. When this arose, the mean habitat area required was applied to all land-covers that the FG was documented within the literature as occupying.
Application of meta-analysis to predicting animal abundances at the village scale in Malawi
We used the values from the literature to predict abundance at the scale of the village for four Malawian villages, three in the Zomba District and one in Machinga District. The villages utilised were selected by ESPA-ASSETS (http://espa-assets.org) and fall on a transect between Zomba Plateau and Lake Chilwa.
Land-cover for each village was derived from two land-cover maps, a standardised African land-cover map (Roger et al., 2013) and Globcover2009 (European Space Agency, 2011). As the model abundance predictions were not sensitive to the landcover map used (Appendix 2), results in this paper will be presented for the Globcover2000 map only as this map was deemed the most accurate following on-the-ground validation.
Predicting animal abundances
R v.3.0.1 was then used to build the models (R Development Core Team, 2010). Abundances were predicted using landcover as the solitary input. The starting numbers and the carrying capacity were determined by dividing the available habitat by the area required for each FG. The model ran using monthly time-steps. Each month the FG populations would decline due to death, with the probability of survival matching the value determined by the meta-analysis. Due to a lack of data concerning when species are most likely to die in the year, death was assumed to act linearly throughout the year. Populations also increased in monthly increments due to fecundity. However, this did not occur linearly as there was sufficient literature on birthing months. Thus, the annual fecundity was split into monthly values, weighted by the proportion each month was identified within the literature as being a birthing month. Furthermore, births only arose if the FGs population did not exceed the carrying capacity, also determined from the meta-analysis. Consequently, seasonal variation is modelled through variation in fecundity and not survivorship. In total, three models were built for each FG: one parameterised by using the means from the meta-analysis and two parameterised using the upper and lower confidence intervals respectively. Each model was run for all four villages.
The models were run between 1977 and 2013, but a pre-run period from 1800 was allowed to ensure that the models had stabilised by the time period of interest.
Model validation
Participatory rural appraisals (PRA)
The PRA for this study were conducted with a spread of ages, socioeconomic status and geographic spread throughout the village (for a complete version of the PRA questionnaire see Appendix 1). PRA groups were separated by gender to ensure that socioeconomic biases and traditions did not affect participation and so all members felt they could participate freely. At each village, two male and two female PRA were conducted. The PRA were conducted in the local language spoken by the participants (a mixture of Chichewa and Yao) using images of example species for each FG type (Appendix 1). Primarily, data were collected on how many individuals they saw within each FG in the village. Present day numbers were reported as well as recall of 10 years ago, 20 years ago and 30 years ago. Where village-wide estimates were not practicable, individuals were asked how many they would see in a unit of known area or time that they felt able to comprehend, e.g. a field/house or observations per day. For the purpose of the PRA, FGs were further subdivided (Appendix 1) to make numbers easier to report as more specific groups were discussed at a time. For example, large herbivores were split into small antelope, large antelope, elephant and hippopotamus. In total, 28 groups were used in the PRA (Appendix 1). Additional information such as the land-cover in which the FG resides, its benefits and disadvantages and how the FG is controlled were also recorded (Appendix 1).
Data preparation and analysis
The PRA participants typically reported animal abundances in four ways: 1) the number of individuals throughout the whole village; 2) the number of individuals in a house; 3) the number of individuals in a field; and 4) the number of individuals seen in a day. Thus, before comparing the PRA values to the models, all PRA estimates needed to be post-processed, scaling all estimates up to the village area. For numbers reported per house, the count given was multiplied by the number of households for the respective village as it was assumed that the FG was present in all houses. The household values were taken from the Malawi Spatial Data Portal (MASDAP, 2013) .
Specific data was not available for the number of fields in each of the four villages. Consequently, the average field size for the respective districts of the villages were taken from the Malawian National Census of Agriculture and Livestock The area of cropland within each village was determined using the Globcover2000 land-cover map and divided by the mean field size of the appropriate district to give the number of fields within the village. This number was then multiplied by the count of individuals observed to give the village total. Finally, for some estimates, participants could only report the number of individuals they see in a day. This temporal estimate was converted to a unit area using the following method. The average sub-Saharan African villager walks 5 km a day (Schafer, 2000) , combining this value with the assumption that an individual can see 10m either side of themselves means a villager observes an area of 0.1 km 2 a day.
It was considered unlikely that villagers would be able to travel freely over large water bodies and thus water bodies were deducted from total village area before the abundance estimate provided for 0.1 km 2 could then be scaled up to the village area. The more specific functional groups for the PRA exercises were then regrouped according to the meta-analysis FG (Appendix 1). These PRA estimates were analysed to give the mean and 95% confidence intervals of FG populations in each village.
Calculating the net effect of FGs on crop yield
The impact of FGs on crop yield was also estimated through the meta-analysis. In most instances, the direct effect on yield was available for the pest and pollinator FGs. However, data on the effect of pest-control FG on crop yield were sparse. Consequently, to determine the impact of many pest-control FGs, the impact of pest-control presence on pest abundance was estimated from the literature and the reduction of crop damage that arose from this was attributed to the pest-control FG. Thus, a lookup table of impact on crop yield was produced, using R v.3.0.1, with the mean and 95% confidence intervals impact on crop yield for each FG (R Development Core Team, 2010) .
The net impact of the FGs on crop yield in each village was determined by combining a presence/absence rule with the newly created look-up table. Therefore, if a FG was indicated as present, then its associated impact on crop yield would be summed to that of all other FGs present to obtain the net impact of biodiversity on the crop yield at a village scale. Presence or absence was used rather than multiplying by the number of individuals present due to data deficiency on the impact of individual animals on crop yields. This procedure was repeated for the upper and lower confidence intervals to determine the likely yield impact a village may experience from the FGs present.
RESULTS
Animal abundance
PRA values fell within the confidence intervals for 71.4 to 85.7% of the FG abundances predicted by the models (85.7, 78.6, 71.4 and 78.6% for village A, B, C and D respectively). Thus, the models predict perceived animal abundance across the region surveyed relatively well.
Specifically, abundance values from the PRA exercise consistently fell within the confidence intervals of the models produced by the meta-analysis when predicting the abundance of insects (pollinating other flying insects, other flying insects that act as pests, pollinating and pest ground insects and, pestcontrol other flying insects; a, d,e and m respectively of Figures 1 to 4) , as well as for birds that act as pests and pest-control, monkeys and reptiles (j, l, and n of Figures 1 to 4) across all four villages. The mean PRA abundance values for all other flying insects categories, as well as pest and pest-control birds and reptiles were higher than the model mean for all four villages (c, d, e, j, and n of Figures 1 to 4) . For monkeys, the PRA and model mean are the same for villages A and B (mean = 0). However, for villages C and D the PRAs had higher abundance means than the model (0 vs. 508 and 0 vs. 90 respectively). Conversely, ground insects that act as both pollinators and pests had lower abundances reported in the PRAs than the models predicted in villages B, C and D. Village A PRAs reported higher mean abundances of ground insects that act as both pollinators and pests (m of Figures 1 to 4) .
Other model results showed less consistency across villages. Models for four other FGs predicted values that the PRA confidence intervals fell within for three out of four villages (pollinating birds, rodents, large herbivores and, bats (b, f, g, and i of Figures 1 to 4 respectively)). The PRA abundances for Village A were higher than those predicted by the model for pollinating birds (3045 ± 2,558 and 0 individuals respectively (b of Figures 1 to 4) ). The PRA abundances were also higher than the model predictions for bats (15,540 ± 14,282 and 36-5 Whilst the estimated animal abundance derived from the models was mostly accurate, the variation in this abundance throughout the year (i.e. between seasons) did not match that reported in the PRA exercise (Appendix 2). Furthermore, change through time predicted by the model was not representative of the values given in the PRAs (Appendix 2).
Effect on yield
Functional groups
Overall, the net effect of bees, bats, other flying insects and ground insects on crop yield were significantly positive once all ecosystem services (pollination and pest-control) and disservices (pests) were taken into account (Table 1) . Conversely, the net effect of rodents, large herbivores and monkeys on crop yield were significantly negative (Table 1) . Finally, the confidence intervals for pollinating, pest and pestcontrol birds overlapped zero and so it cannot be determined from this study whether birds increase or reduce yield (Table 1) . Participants did not perceive and/or could not report any yield increases caused by FGs. However, the perceived damage was often greater than the values reported from the metaanalysis, with the exception of monkeys, which was lower ( Table 2 ).
The cumulative effect of FG on crop yield
Overall, both the models and the PRAs suggest that the net effect of animal biodiversity in villages C and D resulted in a net benefit to crop yield overall for both the model and PRA values (Table 3 ). The confidence intervals for village B cross zero for the values obtained by the model. Consequently, the model is unable to predict whether the village experiences an increase or reduction in crop yield due to the interaction of the FGs present. This is contrast to the PRA, which indicates that the FGs present in village B have a positive impact on crop yield. Similarly, the model and PRA estimates are not in agreement for village A. The model predicts that village A experiences a net increase in crop yield, however, the PRA confidence intervals overlap zero and therefore suggest that it cannot be determined whether or not there is a gain or reduction in yield due to the interaction of the FGs present.
DISCUSSION
The net impact of biodiversity on crop yield
Our results: The first to quantify the cumulative effects of pests, pollinators and pest control agents in a natural system indicate that the net effect of animal biodiversity present within in rural southern Malawi is beneficial to crop yield. This is because although pests can result in large losses in yields, such losses are more than offset by the positive effects of pestcontrol and pollinator FGs. Our result support the laboratory-based findings, which show that interactions between pollination and pest-control is beneficial to crop health (Lundin et al., 2013) , whilst those between pest and pest-control can increase yields (Chaplin-Kramer et al., 2011). While not based on primary field data, subsets of our meta-analysis and PRA-based analysis also correspond to field-based studies, increasing our confidence in our results. For example, our study, like numerous others, shows that bees were always beneficial to crop yield (Hoehn et al., 2008; Stenseth et al., 2003) and monkeys (Wallace and Hill, 2012) result in crop yield losses. Our study also found that ground insects and other flying insects had a net benefit for crop yield. Whilst it is well-recognised that many species within this FG such as wasps, flies, ants and beetles act as pest-control (Lundin et al., 2013; Mahr et al., 2001; Way and Khoo, 1992) , the literature has traditionally focused on the crop yield loses that result from the damage these FGs cause (Adams et al., 1983; Motzke et al., 2013; Oerke, 2006; Wood et al., 1980) . However, conflicting studies have found that other types of ants, beetles, flies and wasps, are beneficial to crop yield (Garibaldi et al., 2011; Garibaldi et al., 2013; Lundin et al., 2013) . Our meta-analysis revealed important limitations and biases within the literature on pests, pollinators and pest-control agents. Firstly, much of the literature surrounding the yield impacts of biodiversity focuses on qualitative changes as opposed to quantitative measures and so could not be included in the metaanalysis. Whilst numerous studies state whether a FG caused a reduction or an increase in yield, few put a definitive value on the impact (Garibaldi et al., 2013; Reitz, 2009) . Secondly, there is a bias within the scientific literature towards crop losses caused by FGs (21 references giving 122 values) but those that benefit crop yield are more rarely quantified (8 references for both pollination and pest-control, giving 14 values and 32 values respectively). Furthermore, the studies that quantified beneficial impacts on agriculture often did not directly investigate this. For example, only two of the 32 pest-control values, one for birds and one for bats, were directly reported as the impact of pest-control on yield (Kalka et al., 2008) . The remaining values had to be indirectly inferred, for example by calculating the crop damage reduction resulting from the consumption of pests. Within the pollination literature there is a distinct bias towards the impact of bees, with many other functional groups only discussed by a single reference, despite the fact that other species are as beneficial to pollination as bees (Garibaldi et al., 2013) .
Interestingly, the biases of the local communities in their perception of the impact of animal biodiversity reflect the skewed research focus on crop loses. Overall, perceptions of impact were largely negative with only a small number of positive impacts perceived. When PRA participants were prompted about benefits such as pollination they frequently possessed no knowledge of the process. Within each village, there would typically be one or two young male participants that knew of the term pollination but, when asked of its impacts, they did not think it changed yields but that it created hybrid varieties. In addition, participants infrequently recognised that some FGs acted as pestcontrol. Participants rarely knew what animals preyed upon and, if they did, it would be because the prey had a direct effect on their wellbeing (such as lizards and bats eating mosquitoes, which directly cause malaria) rather than an indirect effect (e.g. agricultural pestcontrol reducing pest numbers which in turn increases yield and increases wellbeing). The lack of pollination and pest-control observations by participants may be due to these services being too subtle for participants to observe and, even when observed, too difficult to quantify and thus appreciate. The inability to perceive these subtle relationships led to some substantial differences between the perceived impacts and those known to science (Hellier et al., 1999) . For example, some participants thought that ladybirds gave birth to aphids thus, they assisted in causing crop damage rather than recognising that ladybirds were found with aphids as they consume them (Snyder et al., 2004) .
In addition to services not being observed, disservices were overestimated by participants. This finding is in agreement with previous studies which also found that participants perceived greater yield losses than actually occurred (de Mey et al., 2012) . However, in some instances, participants overlooked negative effects. For example, some participants did not view fruit being eaten by bats as an issue as the bats primarily fed on the over-ripe bananas that they did not intend to sell. Participants also perceived monkeys as less damaging than the model predicted. However, this is due to the meta-analysis value being for baboons when the majority of monkeys present within the villages were smaller monkey species. Thus, participants did not necessarily perceive less damage than the model. The values were simply less comparable than other FGs.
An important limitation of this study is that it only encompasses the net impact of animal biodiversity on crop yield and not the overall net effect of all ecosystem services and disservices provided by animal biodiversity. This is because we assumed that the most important ES impact of biodiversity in these agriculture-dominated villages with major food security issues would be on crop yield. Intriguingly, qualitative observations we made while conducting the PRA suggest that this may not be the case, and that the most important ES impact of some FGs is on cultural and not provisioning services. For example, participants often did not perceive groups such as snakes, which provide pest-control services, as beneficial. Despite knowing that snakes consume rodents (which cause large crop losses), participants frequently stated that they would rather kill a snake than allow it to survive, as some snakes have the potential to kill people. A similar situation arose with bees. Participants would frequently report killing bees, despite the fact they provide honey and pollination services, because they can be a danger to people. However, as previously discussed, participants may be more inclined to arrive at this decision as they often did not perceive the pollination benefits of bees. Conversely, FGs that resulted in large losses such as monkeys and birds frequently had positive cultural services, such as providing entertainment, keeping people happy and being aesthetically pleasing. Previous studies have found that participants usually value provisioning services more highly than cultural services (Pereira et al., 2005) , but it is evident from this study that cultural services can have a large impact of the tolerance communities may show to some pest species, even within subsistence agriculture dominated rural communities.
Using land-cover to predicting animal abundance
Previous studies have shown that meta-analyses can be used to predict animal abundances within conventional and organic agriculture (Jonsen et al., 2003) . However, thus far, studies have focused on invertebrate abundances (Bengtsson et al., 2005; Jonsen et al., 2003; Langellotto and Denno, 2004) . To the best of our knowledge, this is the first study to show suggest that a meta-analysis could be utilised to predict the presence and abundance of both vertebrate and invertebrate FGs in agroecosystems in Malawi. The models were most capable of predicting the abundance of pollinating, pest and pest-control other flying insects, pollinating and pest ground insects, pest and pest-control birds, monkeys, and reptiles. This can be partially attributed to wide confidence intervals of both the model and PRA.
This study showed that the models were generally not sensitive to the land-cover map utilised (Appendix 2). This is because the FGs within this study can be considered as predominantly generalists, occupying multiple land-covers. Thus, if one map labelled a particular area as woodland and another map identified it as forest, the FG abundance estimate could be unaffected if the group was equally likely to reside within both of these land-covers. This is important for future models as the models could be run in many locations, using many land-cover maps and still have comparable results. However, it is important to note that whilst the results from differing land-cover maps were similar for generalists, the resolution of the land-cover map had a substantial impact on the abundance predicted for specialised FGs. For example, the inability of the model to predict amphibians in villages C and D is due to the landcover maps not containing water within these villages. However, the participants would frequently report frogs in the villages, as they would come from nearby rivers, which were too small to be observed on the land-cover maps.
Whilst the models predict annual animal abundance well, they were unable to capture the seasonal fluctuations that the participants perceived. For example, the meta-analysis suggests that the abundance of bees should fluctuate across the seasons, whereas the villages suggested that these populations were consistent all year round. This is perhaps because, due to data limitations, many studies included in the meta-analysis that addressed seasonal variation were from regions distant to the study site and thus derived from different seasonal regimes (Appendix 2). FGs that had African specific data matched perceived fluctuations the closest (e.g. birds; Appendix 2). This suggests that the models could be improved by obtaining Malawi specific birthing months, perhaps using local expert opinion as published data is lacking.
Previous work has argued that PRAs can be utilised to determine biodiversity within agricultural (Pereira et al., 2005) and tropical (Hellier et al., 1999) ecosystems. However, in accordance with this study, wide variations within the values obtained via PRAs have previously been reported (Pereira et al., 2005) . Furthermore, PRAs are only able to provide estimates of perceived abundances and impacts. These perceived effects might not correlate highly with actual abundances or impacts. In fact, PRAs have been noted as providing over-estimates (de Mey et al., 2012) . Providing over estimation is recognised and accounted for, PRAs may be utilised to collect historical data where records are not available and seasonal data where time is limited.
Study limitations
The main limitation of this study was data deficiency. Model validation through field observations was not possible as observations would have to be conducted over a several years in order to obtain seasonal values as well as capturing yield variations. Consequently, PRAs were utilised as a rapid method to validate the models. Furthermore, there were data limitations within the scientific literature, which was depauperate of some values and thus unable to support more complex models. The meta-analysis and subsequent estimates could be further improved if this data were available. Additionally, it is recognised that there are relatively few studies from the direct study area, or even from Malawi as a whole. Future studies could use weighted means, giving more influence to values geographically nearer to the study area (Willcock et al., 2014; Willcock et al., 2012) .
Validating the models using PRAs has limitations. As aforementioned, PRA participants often overestimate numbers (de Mey et al., 2012) . Furthermore, perceived abundance estimates varied considerably for some FGs within a village (e.g. bats could range from 0 to 25,496) resulting in wide confidence intervals (Pereira et al., 2005) . However, this uncertainty may have been due to the methods utilised to extrapolate some values to village level. For example, bats were reported as the number of individuals seen in a house thus this was multiplied by the number of houses within the respective village. It is highly likely that this resulted in an over estimate as bats were reported as preferentially occupying houses with tinned roofs. As the proportion of thatched roofed homes within a village was unknown, reported values were multiplied by all the houses in the village. Village A, which had the closest PRA and model means for bats, reported values as the amount seen in fields and so did not suffer from this bias. However, for this observation (and others like it), the number of fields in the village was calculated by dividing the area of cropland identified on the land-cover map by the average field size for the region, as reported by the National Statistics Office (2010). In truth, the average field size may have varied significantly between villages (National Statistics Office, 2010). Furthermore, when numbers within a unit area could not be provided, participants would state the number of individuals within a FG that they saw per unit time. Whilst this was converted to an area using the average distance travelled per day (see methods for full details), it was assumed that participants did not observe the same animal individual in multiple places. Furthermore, it was assumed that, within 10 m of the villager, all FGs are equally detectable. This is not the case, e.g. an antelope is obviously much more detectable than a beetle. The PRA values for ground pest and pestcontrol insects evidences this as they were often under predicted compared to the model mean as they are hard to observe. For example, thrips were frequently reported as not being present, despite casual observation by the authors. On one occasion, a thrip was pointed out to the participants who had recently denied the presence of thrips, causing them to remark that thrips which was too small for the participants to take note of.
The broadness of FGs whilst conducting the PRAs also led to limitations. Participants were asked about small birds but pollinating birds were not separated from this group, as speaking about separate species compromised discussing broader FGs. Thus, model values for pollinating birds have been validated against perceived abundance of small birds and so should be expected to be lower than the PRA estimates. In some instances, numbers were not obtained at all for FGs, especially birds, rodents and insects as participants felt that they were "uncountable". To overcome this, fieldwork should be conducted to obtain abundances of species that participants perceive as "uncountable". The models also have wide confidence intervals. This is due to the variation of species and families within each of the FGs. This variation resulted in a wide range of values recorded for habitat area within the model. For example, ants [Formicidae] in pollinating and pest-control insects ranged from requiring 3.33e-6 km 2 (Traniello, 1989) and 0.12 km 2 (Hölldobler, 1976) . Previous models predicting insect abundance have narrower confidence intervals (Bengtsson et al., 2005; Jonsen et al., 2003) . However, these models require more data inputs and so are perhaps less feasible in data-deficient regions such as Malawi. This study solely utilises land-cover to estimate animal abundance and other studies using a similar approach also report wide confidence intervals (Bender et al., 1998) .
Conclusion
Overall, our results suggest that animal biodiversity with rural villages in Malawi results in an overall benefit to crop yields as the ecosystem services of pollination and pest-control outweigh the disservice of pests. Our work also highlights several biases within the literature, resulting in data-deficiencies when describing the quantitative impact of pollinators and pest-control on crop yield. This bias is shared by participants, as PRA participants often did not perceive pollination or pestcontrol services, focusing instead on the ecosystem disservice provided by pests. Finally, preliminary evidence indicating that participants prioritise some cultural values and other wellbeing increases over increases in crop yield is provided, indicating that commonly held assumptions about provisioning services being more important than cultural services may need re-examination.
